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Abstract 
 
The process developed to stabilize Hg-contaminated  
soil consisted of the incorporation of the soil in a 
mixture of gravel, sulfur and sulfur modified polymer.  
The mass percentage of soil stabilized is nearly 60%. 
This means the stabilization of a very high amount of 
Hg-contaminated soil per mass of sample. Due to the 
physical characteristic of the Hg-contaminated soil a 
high amount of sulfur is required (19-21% S) to 
improve the workability and the mechanical 
properties of the probes.  
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INTRODUCTION 
 
Mercury is subjected to strict health, safety 
and environmental legislation, especially in 
industrialized countries, in view of the highly toxic 
nature (COM / 2005 / 0020 final – COM / 2006 / 636 
final), therefore there is a need for a process for 
stabilizing mercury that effectively stabilizes both 
elemental and speciated mercury, using relatively 
inexpensive additives and/or operating economically 
both on small and large scales.  
 Different technologies have been developed 
with the view to achieving safety disposal of the 
mercury to reduce the mercury mobility towards the 
environment. These technologies can be grouped in 
three types: amalgamation[1,2], stabilization [3-8] 
and encapsulation [9- 20]. 
 The aim of this work is to stabilize 
/encapsulation of Hg-contaminated soil, in mass 
percentage nearly to 60%, with sulphur modified 
polymer and 19-21% of sulphur to improve the 
workability ant the mechanical properties of the 
probes. This work is included in the European Project 
MERSADE (LIFE06 ENV/ES/PRE/03) for the design, 
construction and validation of a pilot installation for a 
safe deposit of mercury sulphide from the European 
industry.   
EXPERIMENTAL 
 
 The materials used to stabilize the sample of 
Hg-contaminated soil (Mayasa, Almadén, Spain) 
were: granular sulphur with grain size <60 µm (type 
Rubber Sul 10, supplied by Repsol IPF, Madrid, 
Spain), sulfur modified polymer (STX™ supplied by 
Starcrete™ Technologies Inc. Québec, Canada), 
coarse gravel, 4mm<grain size>6.3mm and siliceous 
sand with grain size <4mm.  
 According to the Spanish standard (EHE 
BOE13/01/1999) and using Fuller equation a 
granulometric distribution was design to mix the 
different materials, with the aim of preparing sulfur 
concrete with Hg-contaminated soil. Sample 
preparations were carried out according to the 
procedure described in Patent P200930672 [13] in 
the form of sulphur-concrete 40 x 40 x 160 mm 
monoliths. The incorporation of Hg-contaminated soil 
to monolites S-concrete was performed by two ways: 
only 10% of the finest fraction of Hg-contaminated 
soil (<0.125 mm) was incorporated to S-concrete 
(MY1), one of this with 15% of sulfur and the other 
one with 17% of sulfur and in the second case, sand 
was substituted by a complete sample of the 
Hg-contaminated soil.  The Hg-contaminated soil 
was previously ground to <6.3 mm to maintain the 
granulometric curve of the probes (MY2). Sulfur 
content was varied from 15-21%, to improve the 
workability of the probes. Table 1 shows the 
percentage of the different components of MY1 and 
MY2 samples.  
 
Table 1. Composition of samples expressed in % w/w 
 Gravel Sand Soil S STX 
MY1-15 25.6 51.2 8.51 15.0 1.5 
MY1-17 24.4 48.8 8.11 17.0 1.7 
MY2-15 25.1 - 58.52 15.0 1.5 
MY2-17 24.4 - 56.92 17.0 1.7 
MY2-19 23.73 - 55.42 19.0 1.9 
MY2-21 23.1 - 53.82 21.0 2.1 
1 fraction of Hg-contaminated soil <0.125 mm 
2 fraction of Hg-contaminated soil <6.3 mm 
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 The crystalline phases present in the 
Hg-contaminated soil were characterized by X-ray 
Diffractometer (BRUKER XRD Mod. D8 Discover, 
0.03 2θ degrees step-widths and counting time of 5 s 
per step). Hg-contaminated soil were sieved y three 
fractions were separared: SMY-G (>12.5 mm), 
SMY-M (12.5 mm >grain size>6.3 mm) and SMY-P 
(<6.3 mm). 
 Determination of the composition of 
Hg-contaminated soil in each fraction were 
performed with a Philips PW 1404 
wavelength-dispersion X-Ray Spectrometer, using 
semi-quantitative analytical software, without using 
reference materials, based on fundamental 
parameters. Determination of Hg content in 
performed Hg-contaminated soil were realized in 
each three fractions and in Hg-contaminated soil 
without sieving (SMY-TU) by Cold Vapour Atomic 
Fluorescence Spectrometry (CV-AFS) using PSA 
Millennium Merlin 10.025 instrument from PS 
Analytical.   
 The morphology of samples was observed 
by Scanning Electron Microscopy (HITACHI model 
S-2100) on as-obtained C-coated sample.  
 Concerning mechanical properties, 
compressive strength (SC) and flexural strength (SF), 
were measured according to the standard UNE 
196-1:2005. The results were obtained as an 
average value of six measurements using an 
universal press Ibertest  Mod. Autotest 200-10-W.  
 Durability of concrete structure is closely 
associated to the permeability of the surface layer, 
this one should limit the ingress of the substances 
that can initiate or propagate possible deleterious 
actions. In this case, it has been studied by water 
absorption by capillarity test (UNE-EN 480-5:2006) 
and by determinations of resistance of ageing by salt 
mist (UNE-EN 14147:2003). 
 
 
RESULTS AND DISCUSION 
 
 External appearance of the probes MY1 and 
MY2 was show in Figure 1. Probe MY1 obtained 
with15% of S presents an external surface with minor 
adhesion between the different components of the 
sample than that prepared with 17% of S. The 
management of the different types of components 
and the workability during the preparation procedure 
was more difficult for sample prepared with 15% of S 
than sample prepared with 17% of sulfur. Besides 
samples with 15% of sulfur presented higher number 
of external pores than the other sample.  
 
 
Figure1. External appearance of probes MY1 and MY2  with (a) 
15%, ( b) 17% and (c ) 21% of S. 
 
 For probes MY2 obtained with 15 and 17 % 
of sulfur the adhesion and coherence between the 
different particles is poor. However, when higher 
sulfur content were added the external appearance 
of the probes is excellent (Fig. 1c MY2 21% S), and 
both probes have a similar aspect. The higher sulfur 
content the better workability of the process. 
 The crystalline phases present in 
Hg-contaminated soil (Figure 2) shows the XRD 
patterns of three fractions of SMY-G, SMY-M and 
SMY-P. Diffractogram of Hg-contaminated soil 
corresponded to quarz, calcite, dolomite, hematite, 
cinnabar (HgS), schuetteite (Hg3(SO4)O2) and other 
silicates and aluminium-silicates different. 
 
Figure 2. XRD patterns of three fractions of Hg-contaminated soil (SMY-P <6.3 mm, SMY-M between 12.5 and 6.3 mm and SMY-G > 
12.5 mm). 
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 Determination of composition of 
Hg-contaminated soil was determined by X-Ray 
spectrometry.  Table 2 shows found results in each of 
the samples and it is observed that SiO2, Al2O3 and 
Fe2O3 are the principal components of the samples. 
 
Table 2. Composition of the three fractions of Hg-contaminated 
soil by XRF (%w). 
 
 SMY-P SMY-M SMY-G 
Na2O 0.99 ± 0.04 0.70 ± 0.04 0.65 ± 0.03 
MgO 1.20 ± 0.05 1.39 ± 0.05 1.07 ± 0.05 
Al2O3 17.82 ± 0.19 20.32 ± 0.20 23.81 ± 0.21 
SiO2 62.29 ± 0.24 58.06 ± 0.25 56.33 ± 0.25 
SO3 1.40 ± 0.05 1.06 ± 0.05 1.26 ± 0.05 
K2O 2.91 ± 0.08 2.38 ± 0.07 2.63 ± 0.08 
CaO 3.19 ± 0.08 3.98 ± 0.09 2.96 ± 0.08 
TiO2 0.92 ± 0.04 1.11 ± 0.05 1.12 ± 0.05 
Fe2O3 7.34 ± 0.13 9.55 ± 0.14 9.27 ± 0.14 
V 0.020 ± 0.002 0.030 ± 0.003 0.037 ± 0.003 
Cr 0.020 ± 0.002 0.019 ± 0.002 0.022 ± 0.002 
Mn 0.058 ± 0.005 0.066 ± 0.005 0.057 ± 0.005 
Cu 0.010 ± 0.001 0.011 ± 0.001 0.012 ± 0.001 
Ba 0.030 ± 0.004 0.041 ± 0.004 0.053 ± 0.004 
Hg 0.749 ± 0.035 0.408 ± 0.024 0.243 ± 0.016 
 
 Mercury content in each of the three 
fractions of soil is shown in Table 3. Mercury average 
concentration in each of the samples is 0,54±0.04% 
and average mercury determined by XRF is 
0.47±0.02%, this one is in relation with determination 
of Hg in SMY-TU sample which content is 
0.46±0.01%. 
 
Table 3. Hg content in three fractions of Hg-containing soil by 
CV-AFS. 
 
Wt,% SMY-P SMY-M SMY-G 
HgO  0.72 ± 0.03 0.43 ± 0.04 0.47 ± 0.05 
 
 The morphology of samples was observed 
by SEM. Figure 3 show the external surface of 
samples of MY1 obtained with different sulfur content. 
In MY1, it can be observed that the compaction 
between different particles is higher in the probe 
prepared with 17% of sulfur (Fig. 3b). Nevertheless, 
the aspect of both surfaces is quite homogeneous. 
Against the above, for samples MY2, when the sulfur 
content is 15% (Fig. 3c), a high superficial 
heterogeneity and poor compaction are observed. In 
the case of probe manufactured with 21% of sulfur a 
major densification of the surface is observed. 
 
 
 
Figure 3. SEM image of the external surface of probe MY1 with 
(a) 15%, (b) 17% of S and probe MY2 with (c) 15% and (d) 21% 
of S (x2000). 
 
 Values of the mechanical properties, 
compression (Cs) and flexural (Fs) strengh, was 
collected in Table 4 for all the monolitic probes. For 
probes prepared with the finest fraction of the 
Hg-contaminated soil (MY1), the values of Sc and Sf 
are higher for a sulfur content of 15% than 17%, but 
this difference is negligible. Against, for probes MY2, 
the values of mechanical properties increase as the 
sulfur content increase. The highest values of 
mechanical properties are found for sample with the 
highest sulfur content.  
 
Table 4. Mechanical properties of probes obtained by 
incorporation of the Hg-contaminated soil to S-concrete 
 
Sample S  (%) 
Cs 
 (MPa) 
Fs  
(MPa) 
MY1 15 53.10 ± 0.88 10.02 ±0.25 17 50.45 ± 2.23 8.95 ± 0.65 
MY2 
15 8.62 ± 2.10 2.31 ± 0.43 
17 23.91 ± 3.15  4.49 ± 0.20 
19 58.95 ±5.20 13.33 ± 0.23 
21 59.82 ± 4.61 11.55 ± 0.34 
 
 Results of water absorption by capillarity test 
have been obtained as an average value of three 
samples of MY2-21. Mass variation is relatively low 
(0.53±0.12 g cm-2). Nevertheless, it was observed 
that sample present cracks of different depth and 
width (Figure 4), which can be due to type of soil, an 
expansive clay. 
 
 
 
 
 
Figure 4. Sample after water absorption by capillarity test. 
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 Determination of resistance of ageing by salt 
mist has been investigated with MY2-21 sample. 
After ageing by salt mist, it has been observed that 
samples have small cracks in the edges (Fig. 5a). 
Surface appearance is slightly softened. During the 
process of total elimination of salt, small amounts of 
fine solid material was released. The number of 
cracks increases with the number of days that the 
probes are submerged into water and the amount of 
solid material released is also increased.  When the 
samples were dried the cracks increased in size.  
Weight loss of 0.39% has been observed. 
 
 
 
Figure 5. M21 sample: (a) after salt mist test and (b) after dried 
at 70± 5ºC for 11 days. 
 
 Values of mechanical properties after the 
salt mist test for the MY2-21 sample show that 
compressive (23.85±4.74 MPa) and flexural 
(1.01±0.60 MPa) strength decreased after the test. 
This variation is more important for flexural strength 
than for compressive strength.  
 
CONCLUSIONS 
 
A stabilization process consisting in the inertization 
of Hg-contaminated soil by means of the preparation 
of polymeric sulfur-concrete was studied. The final 
product, with the shape of a monolithic probe, made 
possible the incorporation to the probe of near 60% 
of the Hg-contaminated soil. Values of 59.82 ± 4.61 
and 11.55 ± 0.34 MPa were obtained for the 
compression and flexural strengh, respectively. The 
behavior of the final products in different 
environmental atmosphere was also investigated. 
This investigation concluded that the storage of the 
final monolithic material may not be done under a 
corrosive atmospheric environment.  
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